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(57)Abstract: 

PURPOSE: To prevent the deterioration in NOx purification power after endurance while maintaining 
the initial NOx purification rate. 

CONSTITUTION: A catalyst is composed of at least one kind complex support selected from Ti02- 
AI203, Zr02-AI203, and Si02-AI203. an alkali metal supported on the complex support, at least one 
kind of an NOx absorbing material selected from alkaline earth metals and rare earth metals, and a 
catalytic noble metal supported on the complex support. The merits of both oxides are demonstrated 
by making a complex support, and sulfur poisoning is prevented by Ti02. Zr02, and Si02 so that the 
deterioration of NOx purification power after endurance is prevented. 
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* NOTICES * 

JPO and NCXPI are not responsible for any 
damages caused by the use o£ this translation. 

1 .This docxunent has been translated by cx)mputer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Ti02-aluminum 203 and Zr02-aluminum 203 And Si02-aliiminum 203 from - at least one sort 
of NOx absorbers chosen from the alkali metal supported by at least one sort of compound support chosen, 
and this compound support, alkaline earth metal, and rare earth elements, and the catalyst noble metals 
supported by this compound support - since ~ exhaust gas purification catalyst characterized by becoming. 
[Claim 2] Ti02 and aluminum 203 alkaline earth metal and at least one sort of elements chosen from rare 
earth elements - since ~ at least one sort of NOx absorbers chosen from the alkali metal supported by the 
becoming compound support and this compoxmd support, alkaline earth metal, and rare earth elements, and 
the catalyst noble metals supported by this compound support - since - exhaust gas purification catalyst 
characterized by becoming. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the catalyst which can purify efficiently the nitrogen oxides 
(NOx) in the exhaust gas with which oxygen more superfluous than a complement is contained in oxidizing 
in detail the carbon monoxide (CO) contained in exhaust gas, and a hydrocarbon (HC) about the catalyst for 
exhaust gas purification. 
[0002] 

[Description of the Prior Art] The three way component catalyst which performs oxidation of CO and HC 
and reduction of NOx to coincidence, and purifies exhaust gas as a catalyst for exhaust gas purification of an 
automobile conventionally is used. As such a catalyst, the support layer which becomes heat-resistant 
support, such as cordierite, fi-om gamma-alumina, for example is formed, and the thing which made the 
support layer support catalyst noble metals, such as Pt, Pd, and Rh, is known widely. 

[0003] By the way, such purification engine performance of the catalyst for exhaust gas purification changes 
greatly with engine air-fiiel ratios (A/F). That is, in the Lean [ with a large that is, air-fuel ratio ] side with 
thin fiiel concentration, the amoimt of oxygen in exhaust gas increases, and while the oxidation reaction 
which purifies CO and HC is active, the reduction reaction which purifies NOx becomes inactive. 
Conversely, small [ an air-fuel ratio ] that is, by the rich side with deep fuel concentration, the amoxmt of 
oxygen in exhaust gas decreases, and although it becomes inactive [ oxidation reaction ], a reduction 
reaction becomes active. 

[0004] On the other hand, in transit of an automobile, in city area transit, acceleration and moderation are 
performed frequently, and an air-fuel ratio changes near SUTOIKI (theoretical air fuel ratio) to it fi-equently 
by within the limits to a rich condition. In order to respond to the request of low-fuel-consumption-izing in 
such transit, operation by the side of Lean who supplies the gaseous mixture of hyperoxia if possible is 
needed. Therefore, development of the catalyst which can fully purify NOx to the Lean side is desired. 
[0005] Then, the applicant for this patent has proposed the catalyst for exhaust gas purification which 
supported alkaline earth metal and Pt to porosity support, such as an alvimina, previously (JP,5-317652,A). 
According to this catalyst, NOx is absorbed by alkaline earth metal, and since it reacts with reducibility gas, 
such as HC, and is purified, it is excellent in the purification engine performance of NOx at the Lean side. 
[0006] Barium is supported with the catalyst indicated by JP,5-317652,A by support as independent oxide, 
for example, and it is thought with it that NOx is absorbed because it reacts with NOx and generates a 
barixim nitrate (Ba2 (N03)). Moreover, the catalyst for exhaust gas pvirification which made the NOx 
absorber which becomes the heat-resistant inorganic oxide which consists of a zeolite or an alumina from 
the rare earth elements represented by the alkaline earth metal represented by barium and the lanthanum, 
platinum, etc. support is also known (JP,5- 1 68860, A, JP,6-3 1 1 39,A). 
[0007] 

[Problem(s) to be Solved by the Invention] However, in exhaust gas, SOx which the sulfur (S) contained in 
a fuel bumed and generated is contained, it oxidizes with a catalyst metal in a hyperoxia ambient 
atmosphere, and it is S03. It becomes. And it became a sulfuric acid easily with the steam too contained in 
exhaust gas, these reacted with barium etc., the sulfite and the sulfate generated, and it became clear that an 
NOx absorber carries out poisoning degradation by this. Moreover, since porosity support, such as an 
alumina, has the property to be easy to absorb SOx, it has the problem that the above-mentioned sulfur 
poisoning is promoted. 

[0008] And when the NOx absorber became a sulfite and a sulfate in this way, it becomes impossible to 
already have absorbed NOx and, as a result, there was fault that the purification engine performance of NOx 
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after dxirability fell, with the above-mentioned catalyst. Moreover, since the titania did not absorb SOx, 
using titania support was recollected and the experiment was conducted. Consequently, SOx was not 
absorbed by the titania but flowed down-stream as it is, and since only SOx which contacted catalyst noble 
metals and directly only oxidized, extent of poisoning became clear [ few things ]. However, in titania 
support, it became initial activity is low and clear [ the purification engine performance of be / fatal fault 
that it is still low / of NOx after durability ]. 

[0009] It aims at preventing the NOx purification performance degradation after durability, this invention 

being made in view of such a situation, and securing the early rate of NOx purification. 

[0010] 

[Means for Solving the Problem] The catalyst for exhaust gas purification of the 1st invention which solves 
the above-mentioned technical problem Ti02-alumin\mi 203 and Zr02-aluminvim 203 And Si02- 
aliOTiinimi 203 fi-om ~ with at least one sort of compound support chosen at least one sort of NOx absorbers 
chosen firom the alkali metal supported by compoimd support, alkaline earth metal, and rare earth elements, 
and the catalyst noble metals supported by compound support ~ since ~ it is characterized by becoming. 
[001 1] moreover, the catalyst for exhaust gas purification of the 2nd invention — Ti02 and alimiinum 203 
alkaline earth metal and at least one sort of elements chosen fi-om rare earth elements — since at least one 
sort of NOx absorbers chosen from the alkali metal supported by the becoming compoimd support and 
compoxmd support, alkaline earth metal, and rare earth elements, and the catalyst noble metals supported by 
compoimd support — since — it is characterized by becoming. 
[0012] 

[Function] the catalyst for exhaust gas purification of the 1st invention - Ti02-aluminum 203 and Zr02- 
alxmiinum 203 And Si02-alimiinxun 203 from - at least one sort of compound support chosen is used. 
Thereby, a reason is Ti02, Zr02, Si02, and aluminum 203, although it is unknown. It became clear that 
only each advantage expresses, 

[0013] That is, aliraiinum 203 The early rate of NOx purification becomes high by the advantage. 
Moreover, Ti02, Zr02, and Si02 are aluminum 203. It compares and is hard to absorb SOx, and since it is 
easy to be desorbed from absorbed SOx at low temperature compared with the case where it is absorbed by 
the NOx absorber, sulfiir poisoning is prevented. Therefore, securing the early rate of NOx pxorification, if 
the above-mentioned compound support is used, absorption of SOx is prevented and the rate of NOx 
purification after durability also improves. 

[0014] Ti02, Zr02, and Si02 which were used for the catalyst for exhaust gas purification of the 1st 
invention are hereafter named generically, and it is M02. It says. M02 aluminum 203 A compound-ized 
ratio is the mole ratio converted into Metal M and Metal aluminum, and it is desirable to consider as the 
range of M/aliOTiinum=5 / 95 - 50/50. If M/aluminum becomes smaller than 5/95, the rate of NOx 
purification after durability will fall, if it becomes large from 50/50, the early rate of NOx purification will 
fall and the rate of NOx purification after dxirability will also become low according to the value. Especially 
desirable range is M/aluminum=20 / 80 - 30/70. 

[0015] Moreover, M02 aluminum 203 Having compoxmd-ized on the smallest possible level is desirable. 
For example, considering as a multiple oxide is desirable and compound-izing on atomic level is the most 
desirable than mere mixing. Thus, in order to make it compoimd-ize on atomic level, there are approaches, 
such as a coprecipitation method and a sol-gel method, the catalyst for exhaust gas purification of the 2nd 
invention ~ Ti02 and aluminum 203 alkaline earth metal and at least one sort of elements chosen from rare 
earth elements — since — the becoming compound support is used. 

[0016] Ti02-aluminum 203 In the case of compound support, in Ti02, it is aluminum 203. There is an 
operation which promotes pregelatinization and it became clear that the purification engine performance 
after durability (oxidation activity) falls. And it also turns out that pregelatinization is promoted fiirther as 
Ti02 content increases. However, Ti02-aluminum 203 By in addition compound-izing both alkaline earth 
metal, and both [ one side or ] fiirther, although the reason is unknown, the fall of the oxidation activity after 
durability is prevented and it can maintain the high purification engine perforaiance. 
[0017] 
[Example] 

[Example of invention] As an NOx absorber, as being chosen out of alkali metal, alkaline earth metal, and 
rare earth elements, a kind can be used as it is few. As an alkah metal, a lithium, sodium, a potassium, a 
rubidium, caesium, and a francium are mentioned. Moreover, an alkaline earth metal means a periodic table 
2A group element, and barium, beryllium, magnesium, calcium, and strontium are mentioned. Moreover, as 
rare earth elements, a scandium, an yttrixmi, a lanthanum, a ceriimi, a praseodymium, neodymium, etc. are 
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illustrated. 

[001 8] The content of an NOx absorber has the desirable range of 0.05-1 .0 mols to 120g of compoxmd 
support. If there are few contents than 0.05 mols, even if NOx absorptance is small, the NOx purification 
engine performance falls and it contains exceeding 1 .0 mols, effectiveness is saturated and the fault by the 
fall of other amounts of components arises. As catalyst noble metals, one sort of Pt, Rh, and Pd or two or 
more sorts can be used. In the case of Pt and Pd, the amoxmt of support has 0.1 -desirable 20.0g to 120g of 
compoxmd support, and 0.5-especially its lO.Og are desirable. Moreover, in Rh, 0.01 -80g are desirable to 
120g of compoimd support, and it is desirable. [ of 0.05-especially 5.0g ] If it converts into per support 
volume of 11., in the case of Pt and Pd, 0.1 -20g are desirable, and it is desirable. [ of 0.5-especially lOg ] 
Moreover, in Rh, 0.01 -lOg are desirable, and it is desirable, [ of 0.05-especially 5g ] 
[Example] — an example explains concretely hereafter. 
(Example 1) 

<Ti02-alumin\mi 203 31. of 2-propanol is put in into the flask with reflux equipment for preparation > sol- 
gel composition in the end of composite powder, and it holds at 80 degrees C. And add aluminiim 
isopropoxide 1225g, and it is made to dissolve, stirring, and stirs at 80 degrees C for 2 hours. 
[0019] Next, stirring a solution at 80 degrees C, titanic-acid tetraethyl 189.6g is dropped and stirring is 
continued at 80 degrees C after whole-quantity addition for further 2 hours. Then, 432g of pure water and 
the mixed solution of 21. of 2-propanol are dropped, stirring a solution at 80 degrees C. Dropping rates are 
20 cc/min and continue stirring at 80 degrees C after dropping for 2 hours. 

[0020] After making it ripe at a room temperature one whole day and night, moisture and an alcohol content 
are removed using a rotary evaporator, a forced drying is carried out at 1 10 degrees C after air drying, and it 
calcinates at 600 degrees C for 3 hours. Thereby, it is Ti02-aluminum 203. The end of composite powder 
was obtained and the mole-ratio Ti/al\raiinum was 9.6/90.4. 

Ti02-aluminimi 203 obtained by the <support of catalyst noble metals> above To 120g, the 
dinitrodiammine platinxmi solution of the specified quantity was infiltrated and it calcinated at 250 degrees 
C after desiccation by 1 10 degrees C for 1 hour in the end of composite powder. The supported amount of Pt 
(s) is Pt2.0g to 120g in the end of composite powder. 

Ti02-aluminum 203 with which <support of NOx absorber> Pt was supported To the end of composite 
powder, the barixmi acetate water solution of the specified quantity was infiltrated, and it calcinated at 500 
degrees C after desiccation by 1 10 degrees C for 3 hoxirs. Ba of the supported amount of Ba(s) is 0.3 mols to 
1 20g in the end of composite powder. 

[0021] This was groimd after compacting and the pellet catalyst of an example 1 was acquired. 

(Example 2) Ti02-aluminum 203 The pellet catalyst of an example 2 was acquired like the example 1 

except having made mole-ratio Ti/aluminum in the end of composite powder into 25/75, 

(Example 3) Ti02-aluminum 203 The pellet catalyst of an example 3 was acquired like the example 1 

except having made mole-ratio Ti/aluminimi in the end of composite powder into 50/50. 

(Example 4) Ti02-aluminum 203 The pellet catalyst of an example 4 was acquired like the example 1 

except having made mole-ratio Ti/aluminvim in the end of composite powder into 70/30. 

(Example 5) Ti02-aluminum 203 After making mole-ratio Ti/aluminum in the end of composite powder 

into 25/75 and supporting Pt like an example 1, the sodium acetate water solution was infiltrated instead of 

the barium acetate water solution, and it calcinated at 500 degrees C after desiccation by 1 10 degrees C for 3 

hours. Na of the supported amount of Na is 0,3 mols to 120g in the end of composite powder. This was 

ground after compacting and the pellet catalyst of an example 5 was acquired. 

(Example 6) The potassium acetate water solution was used instead of the sodium acetate water solution, 
and the pellet catalyst of an example 6 was acquired for K like the example 5 instead of Na except 0.3 mols / 
having supported 120g. 

(Example 7) The nitric-acid caesitmi water solution was used instead of the sodixim acetate water solution, 
and the pellet catalyst of an example 7 was acquired for Cs like the example 5 instead of Na except 0.3 
mols / having supported 120g. 

(Example 1 of a comparison) Ti02-aluminum 203 It is gaiimia-aluminum 203 to instead of [ in the end of 
composite powder ]. The pellet catalyst of the example 1 of a comparison was acquired like the example 1 
except having used powder. 

(Example 2 of a comparison) Ti02-aluminum 203 It is Ti02 to instead of [ in the end of composite 
powder ], The pellet catalyst of the example 2 of a comparison was acquired like the example 1 except 
having used powder, 

<A trial and evaluation> About each above-mentioned pellet catalyst, the rate of initial NOx purification 
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and the rate of after [ diirability ] NOx purification are measiored, and a result is shown in Table 1 . 
[0022] The rate of initial NOx purification measured the rate of NOx ptirification when repeating between 2 
conditions of air-fijel ratio A/F=l 8, and A/F-14 at intervals of 2 minutes using the model gas which imitated 
automobile engine exhaust gas. Moreover, the rate of durable NOx purification is S02 about [ A/F=18 ]. 
About the pellet catalyst which performed the durability test which circulates model gas with a 
concentration of 300 ppm at 600 degrees C for 20 hours, and circulates the model gas of A/F-14 at 600 
degrees C after that for 1 hour, measurement of the above-mentioned rate of initial NOx purification and 
same measurement were performed, and it considered as the rate of after [ durability ] NOx purification. 
[0023] 
[Table 1] 
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Compared with the first stage, as for the catalyst for exhaust gas purification of an example, the fall degree 
of the rate of NOx purification after diirability becomes small compared with the example 1 of a 
comparison, and Table 1 shows that endurance of compound support is improving compared with alumina 
support. Moreover, in the example, the rate of after [ dvirability ] NOx purification had the maximal value in 
about Ti/aluminum=25/75, and has exceeded the example 1 of a comparison which is a prior invention. 
Thus, it is Ti02-aluminimi 203 to also say suddenly the maximal value which is not in the rate of initial 
NOx purification. It is not considered the operation by mere mixing, but is Ti02-aluminum 203. It is 
imagined as what is depended on the synergism by compound-izing. 

[0024] And in the example 2 of a comparison, although the difference of the rate of initial NOx purification 
and the rate of after [ durability ] NOx purification is small, since the rate of initial NOx purification is low, 
the rate of after [ durability ] NOx purification is also low as a result. 
(Example 8) 

<Zr02-aluminxim 203 31. of 2-propanol is put in into the flask with reflux equipment for preparation > sol- 
gel composition in the end of composite powder, and it holds at 80 degrees C. And add aluminum 
isopropoxide lOOOg, and it is made to dissolve, stirring, and stirs at 80 degrees C for 2 hours. 
[0025] Next, stirring a solution at 80 degrees C, 245.3g of zirconium-n-butoxide solutions of 85 % of the 
weight of concentration is dropped, and stirring is continued at 80 degrees C after whole-quantity addition 
for fiirther 2 hours. Then, 432g of pure water and the mixed solution of 21. of 2-propanol are dropped, 
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stirring a solution at 80 degrees C. Dropping rates are 20 cc/min and continue stirring at 80 degrees C after 
dropping for 2 hours. 

[0026] After making it ripe at a room temperature one whole day and night, moisture and an alcohol content 
are removed using a rotary evaporator, a forced drying is carried out at 1 10 degrees C after air drying, and it 
calcinates at 600 degrees C for 3 hours. Thereby, it is Zr02-aluminum 203. The end of composite powder 
was obtained and the mole-ratio Zr/aluminum was 1/9. 

Zr02-aluminum 203 obtained by the <support of catalyst noble metals> above To 120g, the 
dinitrodianmiine platinum solution of the specified quantity was infiltrated and it calcinated at 250 degrees 
C after desiccation by 1 10 degrees C for 1 hour in the end of composite powder. The supported amount of Pt 
(s) is Pt2.0g to 120g in the end of composite powder. Subsequently, the nitric-acid rhodium water solution 
of the specified quantity was infiltrated, and it calcinated at 250 degrees C after desiccation by 1 10 degrees 
C for 1 hour. The supported amount of Rh(s) is RhO.lg to 120g in the end of composite powder. 
Zr02-alximinum 203 with which it reached <support of NOx absorber> Pt and Rh was supported To the end 
of composite powder, the barium acetate water solution of the specified quantity was infiltrated, and it 
calcinated at 500 degrees C after desiccation by 1 10 degrees C for 3 hours. Ba of the supported amount of 
Ba(s) is 0.3 mols to 120g in the end of composite powder, 

[0027] This was groxmd after compacting and the pellet catalyst of an example 8 was acquired. 
(Example 9) Zr02-aluminum 203 The pellet catalyst of an example 9 was acquired like the example 8 
except having been referred to as mole-ratio Zr/alimiinum=l/3 in the end of composite powder. 
(Example 10) Zr02-aluminum 203 The pellet catalyst of an example 10 was acquired like the example 8 
except having been referred to as mole-ratio Zr/aluminum=l/l in ttie end of composite powder. 
(Example 1 1) Zr02-alimiinimi 203 The pellet catalyst of an example 1 1 was acquired like the example 8 
except having been referred to as mole-ratio Zr/alimiinum=2/l in the end of composite powder. 
(Example 12) Zr02-aluminum 203 The pellet catalyst of an example 12 was acquired like the example 8 
except being referred to as mole-ratio Zr/aluminum=l/l in the end of composite powder, having replaced 
with barium acetate and having carried out O.3mol support of the K to 120g in the end of composite powder 
using potassium acetate. 

(Example 3 of a comparison) Zr02-aluminum 203 The pellet catalyst of the example 3 of a comparison was 
acquired like the example 8 except having used 20ganmia-alxmiinum 3 powder instead of the end of 
composite powder. 

(Example 4 of a comparison) Zr02-aluminum 203 The pellet catalyst of the example 4 of a comparison was 
acquired like the example 8 except having used Zr02 powder instead of the end of composite powder. 
(Example 5 of a comparison) Zr02-aluminum 203 20gamma-aluminum 3 powder was used instead of the 
end of composite powder, and the pellet catalyst of the example 5 of a comparison was acquired like the 
example 8 except having replaced with barium acetate and having carried out 0.3mol support of the K to 
120g in the end of composite powder using potassium acetate. 

<A trial and evaluation> About each above-mentioned pellet catalyst, the rate of initial NOx purification 
and the rate of after [ durability ] NOx purification are measured, and a result is shown in Table 2. 
[0028] The rate of initial NOx purification measured the rate of NOx purification when repeating between 2 
conditions of air-fiael ratio A/F=18, and A/F-14 at intervals of 2 minutes in an automobile engine. Moreover, 
the rate of durable NOx purification is S02 about [ A/F=18 ]. About the pellet catalyst which performed the 
durability test which circulates model gas with a concentration of 300 ppm at 600 degrees C for 20 hours, 
and circulates ttie model gas of A/F-14 at 600 degrees C after that for 1 hour, measurement of the above- 
mentioned rate of initial NOx purification and same measurement were performed, and it considered as the 
rate of after [ durability ] NOx purification. And endurance ratio R (%) The rate of purification after = 
durability / rate of initial purification is calculated and doubled, and it is shown in Table 2. 
[0029] 
[Table 2] 
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Although the rate of initial NOx purification is reduced by using Zr02"aluininum203 compound support 
compared with the alxmiina support of the examples 3 and 5 of a comparison as shown in Table 2, it is 
distinct that the rate of NOx purification after durability exceeds the examples 3 and 5 of a comparison, and 
endurance is improving compared with the conventional catalyst for exhaust gas purification. Moreover, 
endurance is Zr/aluminum=l/l . It also tums out that the maximal value exists near. 
(Example 13) <Si02-aluminum 203 31. of 2-propanol is put in into the flask with reflux equipment for 
preparation > sol-gel composition in the end of composite powder, and it holds at 80 degrees C. And add 
alimiinum isopropoxide lOOOg, and it is made to dissolve, stirring, and stirs at 80 degrees C for 2 hours. 
[0030] Next, stirring a solution at 80 degrees C, orthosilicic acid tetraethyl 42. 4g is dropped and stirring is 
continued at 80 degrees C after whole-quantity addition for fiirther 2 hours. Then, 432g of pure water and 
the mixed solution of 21. of 2-propanol are dropped, stirring a solution at 80 degrees C. Dropping rates are 
20 cc/min and continue stirring at 80 degrees C after dropping for 2 hours. 

[003 1] After making it ripe at a room temperature one whole day and night, moisture and an alcohol content 
are removed using a rotary evaporator, a forced drying is carried out at 1 1 0 degrees C after air drying, and it 
calcinates at 600 degrees C for 3 hours. Thereby, it is Si02-alximinum 203. The end of composite powder 
was obtained and the mole-ratio Si/alxmiinum was 4/96. 

The 100 weight sections, the alumina sol (10 % of the weight of alumina content) 70 weight section and the 
40-% of the weight aluminium nitrate water- solution 15 weight section, and the water 30 weight section are 
mixed in the end of the <formation of coat layer> above-mentioned composite powder, it considers as a 
slurry, an excessive slurry is blown off after immersing the nature honeycomb base material of cordierite of 
1,7L in this slurry, and it calcinates at 600 degrees C after desiccation for 20 minutes by 80 degrees C for 1 
hour, and is Si02-alun[unum 203. The coat layer was formed. A coat layer is honeycomb base material 
volume IL per 120g. 

After immersing honeycomb support with the <support of catalyst noble metals> above-mentioned coat 
layer in the dinitrodiammine platimmi solution of predetermined concentration and blowing off excessive 
moisture, it dried at 250 degrees C and Pt was made to support. The supported amount of Pt(s) is 2.0g to 
Si02-aluminum203 120g (support base material IL). 

It was immersed in the barium acetate water solution of predetermined concentration, and the honeycomb 
support with which <support of NOx absorber> Pt was supported was calcinated at 600 degrees C after 
desiccation by 1 10 degrees C for 1 hour. The supported amount of Ba(s) is 0.3 mols to 2O3120g (support 
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base material IL) of Si02-aluininuin. 

(Example 14) Si02-aluminum 203 The catalyst of an example 14 was acquired like the example 13 except 
having been referred to as mole-ratio Si/aluminxim= 10/90 in the end of composite powder. 
(Example 15) Si02-aliiminimi 203 The catalyst of an example 15 was acquired like the example 13 except 
having been referred to as mole-ratio Si/aluminum=20/80 in the end of composite powder. 
(Example 16) Si02-aluminum 203 The catalyst of an example 16 was acquired like the example 13 except 
having been referred to as mole-ratio Si/aluminum=35/65 in the end of composite powder. 
(Example 17) Si02-alumin\mi 203 The catalyst of an example 17 was acquired like the example 13 except 
having been referred to as mole-ratio Si/aluminum=50/50 in the end of composite powder, 
(Example 1 8) The catalyst of an example 1 8 was acquired like the example 1 3 except having replaced with 
barium acetate, having replaced with Ba using potassixmi acetate, and having carried out 0.3mol support of 



(Example 6 of a comparison) Si02-aluminum 203 The catalyst of the example 6 of a comparison was 
acquired like the example 13 except having used 20gamma-aluminum 3 powder instead of the end of 
composite powder. 

(Example 7 of a comparison) Si02-aluminvim 203 The catalyst of the example 7 of a comparison was 
acquired like the example 13 except having used Si02 powder instead of the end of composite powder. 
(Example 8 of a comparison) Si02-aluminum 203 20gamma-aluminum 3 powder was used instead of the 
end of composite powder, and the pellet catalyst of the example 8 of a comparison was acquired like the 
example 13 except having replaced with barium acetate and having carried out 0.3mol support of the K 
using potassixmi acetate. 

<A trial and evaluation> Each above-mentioned catalyst has been arranged to the flueway of a lean-bum 
engine (1.6L) loading car, and each rate of purification of CO, HC, and NOx when running in city area 
transit mode (10-15 mode) was measured. 

[0032] Next, the durability test which operates each catalyst on conditions with an A/F=18 and a gas 
temperature [ containing a catalyst ] of 650 degrees C in wearing Si and an engine bench for 50 hours was 
performed in the exhaust air system of the engine of the same form, and each rate of purification of CO, HC, 
and NOx was measured on the same conditions as the account of Gokami. Each result is shown in Table 3. 
In addition, in order to promote sulfiir poisoning, the fiiel with which 70 ppm of sulfur were contained was 
used. 



the K. 



[0033] 
[Table 3] 
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As shown in Table 3, although the rate of initial NOx piirification of an example catalyst is inferior as 
compared with the examples 6 and 8 of a comparison, the fall degree of the rate of NOx purification after 
durability is small excellent in endurance. 

[0034] Moreover, although oxidation activity falls compared with Ba by 20gamma-al\raiinum 3 support 
from tiie comparison of an example 13, an example 18 and the example 6 of a comparison, and the example 
8 of a comparison when K is supported, it is Si02-alumimmi 203. Oxidation activity can be made 
equivalent to Ba by considering as compoimd support. And desirable? Si/aluminum ratios are 4 / 96 - 20/80, 
and especially its range of 4 / 96 - 15/85 is more desirable than Table 3. 
(Example 19) 

<Ti02-aluminum203-Sc 203 31. of 2-propanol is put in into the flask with reflux equipment for preparation 
> sol-gel composition in the end of composite powder, and it holds at 80 degrees C. And add aluminvim 
isopropoxide 1225g, and it is made to dissolve, stirring, and stirs at 80 degrees C for 2 hours. 
[0035] Next, stirring a solution at 80 degrees C, titanic-acid tetraethyl 568.4g is dropped and stirring is 
continued at 80 degrees C after whole-quantity addition for further 2 hours. Then, 432g of pure water and 
the mixed solution of 21. of 2-propanol are dropped, stirring a solution at. 80 degrees C. Dropping rates are 
20 cc/min and continue stirring at 80 degrees C after dropping for 2 hours. 

[0036] After making it ripe at a room temperature one whole day and night, moisture and an alcohol content 
are removed using a rotary evaporator, a forced drying is carried out at 1 1 0 degrees C after air drying, and it 
calcinates at 600 degrees C for 3 hours. Thereby, it is Ti02-alviniinum 203. The end of composite powder 
was obtained and the mole-ratio Ti/aluminum was 25/75. Next, this Ti02-aluniinum 203 It carries out 
specified quantity sinking in of the nitric-acid scandium water solution of predetermined concentration in 
the end of composite powder, it calcinates at 600 degrees C after desiccation for 3 hours, and is Ti02- 
aluminum203-Sc 203. The end of composite powder was prepared. Sc 203 0.013 mols are contained to 
Ti02-aluminum203 120g. 

In the end of the <formation of coat layer> above-mentioned composite powder The 100 weight sections 
and the alumina sol (10 % of the weight of alumina content) 70 weight section. Mix the 40-% of the weight 
aluminixim nitrate water-solution 1 5 weight section and the water 30 weight section, and it considers as a 
slurry. An excessive slurry is blown off after immersing the nature honeycomb base material of cordierite of 
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1 .7L in this slvirry, and it calcinates at 600 degrees C after desiccation for 20 minutes by 80 degrees C for 1 
hour, and is Ti02-alxmiinuni203-Sc 203. The coat layer was formed. A coat layer is honeycomb base 
material volume IL per 120g. 

After immersing honeycomb support with the <support of catalyst noble metals> above-mentioned coat 
layer in the dinitrodiammine platinum solution of predetermined concentration and blowing off excessive 
moisture, it dried at 250 degrees C and Pt was made to support. The supported amount of Pt(s) is 2.0g to 
Ti02-aluminum203-Sc203 120g (support base material IL). 

It was immersed in the barixim acetate water solution of predetermined concentration, and the honeycomb 
support with which <support of NOx absorber> Pt was supported was calcinated at 600 degrees C after 
desiccation by 1 10 degrees C for 1 hour. The supported amount of Ba(s) is 0.3 mols to Si02-alimiinum203- 
Sc203 120g (support base material IL). 

(Example 20) The catalyst of an example 20 was acquired like the example 19 except having replaced with 
the nitric-acid scandium and having used the nitric-acid yttrium. 

(Example 21) The catalyst of an example 21 was acquired like the example 19 except having replaced v^th 
the nitric-acid scandixim and having used the lanthanum nitrate. 

(Example 22) The catalyst of an example 22 was acquired like the example 19 except having replaced with 
Ihe nitric-acid scandium £ind having used nitric-acid neodymium. 

(Example 23) 31. and 41 .2g of lanthanum nitrates are dissolved for 2-propanol into the flask with reflxix 
equipment for sol-gel composition, and it holds at 80 degrees C. And add aluminum isopropoxide 1225g, 
and it is made to dissolve, stirring, and stirs at 80 degrees C for 2 hours. 

[0037] Next, stirring a solution at 80 degrees C, titanic-acid tetraethyl 586.4g is dropped and stirring is 
continued at 80 degrees C after whole-quantity addition for fiirther 2 hours. Then, 432g of pxire water and 
the mixed solution of 21. of 2-propanol are dropped, stirring a solution at 80 degrees C. Dropping rates are 
20 cc/min and continue stirring at 80 degrees C after dropping for 2 hours. 

[0038] After making it ripe at a room temperature one whole day and night, moisture and an alcohol content 
are removed using a rotary evaporator, a forced drying is carried out at 1 10 degrees C after air drying, and it 
calcinates at 600 degrees C for 3 hours. Thereby, it is La203-Ti02-alimiinimi 203. The end of composite 
powder is obtained, mole-ratio Ti/alimiinum is 25/75, and it is La 203. 0.06 mols are contained to Ti02- 
aluminum203 120g. 

[0039] Using this end of composite powder, the coat layer formation-back Pt and Ba was similarly 
supported like the example 19, and the catalyst of an example 23 was acquired. 

(Example 9 of a comparison) A nitric-acid scandium water solution is not sunk in, but it is Sc 203. The 
catalyst of the example 9 of a comparison was acquired like the example 19 except not containing. 
<A trial and evaluation> Each above-mentioned catalyst has been arranged to the flueway of a gasoline 
engine (1.6L) loading car, and the temperature fi-om which the rate of HC purification when changing the 
gas temperature containing a catalyst at a predetermined rate becomes 50% was measured, controlling to 
theoretical air fiiel ratio (A/F=14.6). 

[0040] Next, the exhaust air system of the engine of the same form was equipped with each catalyst, the 
durability test operated on conditions with an A/F-14.6 and a gas temperature [ containing a catalyst ] of 800 
degrees C in an engine bench for 100 hours was performed, and the temperature from which the rate of HC 
purification becomes 50% on the same conditions as the account of Gokami was measured. Each result is 
shown in Table 4. 
[0041] 
[Table 4] 
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As shown in Table 4, compared with the example of a comparison, the fall degree of an example of the 
oxidation activity after durability is small, and heat-resistant improvement is accepted. The direction is also 
known by excelling what was later compound-ized like an example 21 although support wgis especially 
compound-ized in the state of high distribution like an example 23 in the phase compounded with a sol-gel 
method. 

[0042] In addition, the catalyst for exhaust gas purification of examples 19-23 and the example 9 of a 
comparison writes having had the NOx purification engine performance equivalent to the catalyst for 
exhaust gas purification of an example 2. 

(Example 24) The activated-alimiina powder 110 weight section, the cerium oxide powder 50 weight 
section, the ** boehmite powder 10 weight section, the titania sol 40.7 weight section that contains a titania 
30% of the weight, the water 200 weight section, and the barium-carbonate powder 60 weight section were 
mixed, and the slurry for coatings was prepared. 

[0043] Next, the excessive slxirry was blown off after inrmiersing the nature honeycomb base material of 
cordierite with a diameter [ of 30mm ], and a die length of SOnrai in the above-mentioned slurry, and the 
203 quart layer of Ti02-aluminum with which it calcinated at 600 degrees C after desiccation for 20 
minutes by 80 degrees C for 1 hour, and Ce and Ba were supported was formed. A coat layer is formed so 
that an alumina may be set to 120g and a titania may be set to 12.2g per [ honeycomb base material IL ], 
and the mole-ratio Ti/aluminum is 6/94. Moreover, Ce, and honeycomb base material IL per 0.3 mol of Ba 
(s) are supported, respectively. 

[0044] After being inmiersed in the dinitrodiammine platinum solution of predetermined concentration, 
pulling up honeycomb support with the above-mentioned coat layer and blowing off excessive moisture, it 
dried at 250 degrees C and Pt was made to support. After being immersed fiirthermore in the nitric-acid 
rhodivun water solution of predetermined concentration, pulling up and blowing off excessive moisture, it 
dried at 250 degrees C and Rh was made to support. To Ti02-aluminum203 132.2g (support base material 
IL), Pt is 2.0g and Rh of each amount of support is O.lg. 

(Example 25) The catalyst of an example 25 was acquired like the example 24 except having used the slvirry 
for coatings which mixed the activated-alumina powder 1 10 weight section, the cerium oxide powder 50 
weight section, the *♦ boehmite powder 10 wei^t section, the titania powder 12.2 weight section, the water 
200 weight section, and the barium-carbonate powder 60 weight section. The presentation is the same as that 
of the catalyst of an example 24. 

(Example 26) The activated-alumina powder 110 weight section, the ** boehmite powder 10 weight section, 
the titania sol 40.7 weight section that contains a titania 30% of the weight, and the water 200 weight section 
were mixed, the slurry for coatings was prepared, and the coat layer was formed in the honeycomb base 
material like the example 24. A coat layer is formed so that an alvmiina may be set to 120g and a titania may 
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be set to 12.2g per [ honeycomb base material IL ], and the mole-ratio Ti/aluminum is 6/94. Moreover, Ce, 
and honeycomb base material IL per 0.3 mol of Ba(s) are supported, respectively. 
[0045] After having been immersed in the cerium-nitrate water solution of predetermined concentration, 
pulling up honeycomb support with the above-mentioned coat layer and blowing off excessive moisture, it 
dried at 250 degrees C and Ce was supported. Next, after being immersed in the dinitrodiammine platinum 
solution of predetermined concentration, pulling up and blowing off excessive moisture, it dried at 250 
degrees C and Pt was made to support. After being inmiersed furthermore in the nitric-acid rhodium water 
solution of predetermined concentration, pulling up and blowing off excessive moisture, it dried at 250 
degrees C and Rh was made to support. To Ti02-alumin\mi203 132.2g (support base material IL), Pt is 
2,0g and Rh of each amount of support is O.lg. 

[0046] After having been further immersed in the barium acetate water solution of predetermined 
concentration, pulling up the honeycomb support which supported this Pt and Rh and blowing off excessive 
moisture, it dried at 250 degrees C and Ba was supported. The amount of support of Ce and Ba is the same 
as that of an example 24. 

(Examples 27-3 1) After having been fiirther immersed in the alkali-metal-compound water solution or 
alkaline-earth-metal compound water solution of predetermined concentration, pulling up the catalyst of an 
example 24 and blowing ofiT excessive moisture, it dried at 250 degrees C, it calcinated at 500 degrees C for 
1 hour, and supported each 0.1 mols of the alkali metal or alkaline earth metal other than Ba shown in Table 
6, and the catalyst of each example was acquired. 

(Example 32) The catalyst of an example 3 1 was acquired like the example 24 except having used the slurry 
for coatings which mixed the activated-alxmiina powder 90 weight section, the cerium oxide powder 50 
weight section, the ** boehmite powder 10 wei^t section, the titania powder 30 weight section, the water 
200 weight section, and the barium-carbonate powder 60 weight section. 

[0047] A coat layer is formed so that an alumina may be set to 90g and a titania may be set to 30g per 
[ honeycomb base material IL ], and the mole-ratio Ti/aluminum is 7/33. Moreover, Ce, and honeycomb 
base material IL per 0.3 mol of Ba(s) are supported, respectively, and 2.0g and O.lg of Rh(s) are supported 
for Pt. 

(Example 33) The catalyst of an example 33 was acquired like the example 24 except having supported 
honeycomb support IL per lOg of Pd instead of Pt, having used the palladium nitrate water solution instead 
of the dinitrodiammine platinum solution, and having used drying temperature as 80 degrees C. 
(Example 10 of a comparison) The coat layer acquired the catalyst of tiie example 10 of a comparison like 
the example 24 using ttie slurry for coatings which consists of the activated-alumina powder 110 weight 
section, the cerium oxide powder 50 weight section, the ** boehmite powder 10 weight section, the alumina 
sol 40.7 weight section that contains an alumina 30% of the weight, the water 200 weight section, and the 
barium-carbonate powder 60 weight section except having made it formed from honeycomb base material 
IL per alumina 120g. A detailed presentation is shown in Table 6. 

(Example 1 1 of a comparison) The coat layer acquired the catalyst of the example 1 1 of a comparison like 
the example 24 using the slurry for coatings which consists of the activated-alumina powder 110 weight 
section, the cerium oxide powder 50 weight section, the ** boehmite powder 10 weight section, the alumina 
sol 12.2 weight section that contains an alumina 30% of the weight, the water 200 weight section, and the 
barium-carbonate powder 60 weight section except having made it formed from honeycomb base material 
IL per alumina 120g. A detailed presentation is shown in Table 6. 

(Example 12 of a comparison) The catalyst of the example 12 of a comparison was acquired like the 
example 24 except having used the slxirry for coatings which does not contain the barivim carbonate which 
consists of the activated-alumina powder 110 weight section, the cerium oxide powder 50 weight section, 
the ** boehmite powder 10 weight section, the titania sol 40.7 weight section that contains a titania 30% of 
the weight, and the water 200 weight section. A detailed presentation is shown in Table 6. 
<A trial and evaluation> The performance evaluation test by model gas was performed about each acquired 
catalyst. As model gas, three kinds of model gas for durability of a presentation and two kinds of model gas 
for evaluation which are shown in Table 5 were used. And each catalyst was processed at 800 degrees C by 
the model gas for durability equivalent to A/F=18 for 5 hours, subsequently it processed for 1 minute for 4 
minutes by turns at 500 degrees C, respectively by the model gas for durability and the model gas for 
durability equivalent to A/F=14.5 equivalent to A/F=22, and the trial which repeats it for 10 hours was 
performed. A quantity of gas flow is a part for IL/. Each catalyst is S02 compulsorily by this durability test. 
It will be exposed. 

[0048] At 350 degrees C, the model gas for evaluation and the model gas for evaluation equivalent to 
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A/F=14.5 equivalent to AJF=22 switched at interveds of 2 minutes, 5 cycle ********** style was carried out 
to each catalyst after a durability test, and the rate of average purification of NOx, CO, and HC when 
passing the model gas for evaluation equivalent to A/F=22 was measured. A result is shown in Table 6. 
[0049] 
[Table 5] 
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[0050] 



[Table 6] 
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[0051] With the catalyst of examples 24-33, since support is Ti02-aluminum203 compotmd support, 50% 
or more of high rate of NOx purification is shown also after durability. In addition, with the catalyst of an 
example 24, an example 25, an example 32, and an example 33, at least one side of Ce and Ba may have 
compound-ized further, on the other hand — the catalyst of the example 10 of a comparison, and the example 
1 1 of a comparison — support — aluminum 203 only ~ it is — though Ce compoxmd-izes and serves as 
aluminimi203-Ce02 compoimd support, since it is not contained in the range of the invention in this 
application, it is imagined as that to which absorption of SOx arose and the rate of NOx purification after 
durability fell. 

[0052] Moreover, since the NOx absorber is not supported with the catalyst of the example 12 of a 
comparison even if support is Ti02-aluminum203 compoimd support, the rate of NOx purification is falling 
remarkably. That is, even if the compound support said to this invention is not based on a sol-gel method but 
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mixes and calcinates powder and a sol, it is clear that its it can form even if it mixes and calcinates powder. 
[0053] 

[Effect of the Invention] That is, according to the catalyst for exhaust gas purification of the 1st invention, 
securing the early rate of NOx purification, since adsorption of SOx is prevented, sulfur poisoning is 
prevented and decline in the rate of NOx purification after durability is prevented. Moreover, while doing so 
the 1st effect of the invention of the above according to the catalyst for exhaust gas purification of the 2nd 
invention, it is Ti02-alunMnum 203. Even if it is the case where compound support is used, the fall of the 
oxidation activity after durability is prevented, and the purification engine performance of CO and HC can 
be maintained highly. 

[Translation done.] 
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(54) CATALYST FOR PURIFYING EXHAUST GAS 

(57) Abstract: 

PURPOSE: To prevent the deterioration in NOx 
purification power after endurance wtiile maintaining the 
initial NOx purification rate. 

CONSTITUTiON: A catalyst is composed of at least one 
kind complex support selected from Ti02-AI^03, 
Zr02-Al203, and Si02-Al203, an alkali metal supported 



on the complex support, at least one kind of an NOx 
absorbing material selected from alkaline earth metals 
and rare earth metals, and a catalytic noble metal 
supported on the complex support. The merits of both 
oxides are demonstrated by making a complex support, 
and sulfur poisoning is prevented by Ti02. Zr02. and 
Si02 so that the deterioration of NOx puriTication 
power after endurance is prevented. 
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